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Ultralight dark matter (ULDM)
as bosonic DM candidates with m < eV
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Ultralight dark matter (ULDM)
as bosonic DM candidates with m < eV
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we do not measure dark matter directly but

s(t)

e.q. electric current



What signal should we expect”?




system response depends on
types of system and of ULDM interaction

s(t) = H|o(t)]



system response depends on
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system response depends on
types of system and of ULDM interaction
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An example of linear signal
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Example 2

An example of quadratic signal

s(t) = H[p(1)] o ¢°




regardlessly
the signal will be a function of ULDM field

s(t) = H[o(1)]



regardlessly
the signal will be a function of ULDM field

s(t) = H[o(1)]

the signal will inherit
properties of underlying ULDM field



to understand what signal one should expect
we first need to understand
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to understand what signal one should expect
we first need to understand

O(t

how do we describe ULDM field?



the description
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the description
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this expression Is nothing but sum of cosine waves



for linear signals

s(t) o< @(t) ochk cos(mt + Oy, )
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for linear signals

s(t) o< (1) oczfrk cos(mt + Oy, )
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we look for coherent osc
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noise Is often larger than signal
coherency of the signal allows a potential detection



Fourier transform of a detector output
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Fourier transform of a detector output

d(w) = / dt ¢ s(t) + n(t)
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for quadratic signals
stochastic fluctuation emerges
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for quadratic signals
stochastic fluctuation emerges

coherent fluctuation




for quadratic signals
stochastic fluctuation emerges
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how would stochastic fluctuations appear in the output?



!

0

stochastic part of signal will appear

113

—— Noise

2000 4000 6000 8000
time |arb. unit]




the power spectrum now would look like
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the power spectrum now would look like
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Applications

focusing on gravitational probes



Schive, Chiueh, Broadhurst (14)




An intuitive understanding of the granule structure:
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the size and mass of them could be astronomical
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being that massive
It may engage In interaction with stars
and significantly perturb the motion of them
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over time
a star experiences multiple enco
with quasiparticles
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over time
a star experiences multiple encounters
with quasiparticles
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so what?

quasiparticles bombards
normal matters, leaving distinctive stochastic signals
IN gravitational wave detectors



Interferometry




)
=
=

Pulsar T



Solar system ephemerides
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can we actually measure it?



Beam
splitter



Beam
splitter



Beam
splitter

what is reflected in detector observables
IS the statistical properties of
density fluctuations of ULDM
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[Aoki, Soda (16); Yu et al (24); Badurina et al (25)]
for coherent signals with interferometers
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[Aoki, Soda (16); Yu et al (24); Badurina et al (25)]
for coherent signals with interferometers
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another example:

Pulsar Timing
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For vector dark matter 108
[Dror and Wei (25)]
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one last example:
Solar system dynamics




Pulsar




due to the motion of Earth
there are inevitable modulations
of pulse arrival times

Pulsar
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due to the motion of Earth
there are inevitable modulations
of pulse arrival times .

Pulsar

Atarmual — AT = 100 sec

ALY = 0(103)km = 20 ms




these eftects are carefully modeled
by planetary ephemerides
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signal Is similarly characterized by
two-point function

(AL.(NAL(f)) = 56(F — ")Sual el f: L L)

these quantities are now time-dependent
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[Frerick, Kim, Kling (206)]
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For binary systems
m [ev] [Foster et al (25)]



A remark

all of the results shown here are sensitive to
ULDM density around/within the solar system



local dark matter density is often derived over kpc scales

p0.= 0.4GeV /em? .
IS an average density over the volume of kpc



. what we are probing Is
(or what matters for all terrestrial DM detector is)

currently no measurement on this scale exists



only constraints exist
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only constraints exist

& 11 From geodetic satellite and LLR
p/po S 10 [Adler (08)]
< 6 From asteroids in the solar system
p/po < 6% 10 Tsai, Eby et al (22)]

< 4 From solar system ephemerides
p/po S 2 x 10 [Pitjev, Pitieva (13)]

GW detectors will provide
one of the strongest probes of ULDM density
within/around the solar system



Another remark

prospects of gravitational probes



For vector dark matter 108
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Next International Pulsar Timing Array (IPTA) data release
IS expected to include

Nosr ~ 100

Lobs = QO_I_ yI



with next-gen ratio telescope (e.g. Square Kilometer Array)
an order of magnitude or more improvement might be feasible
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“| Exploring Mercury

The European Space Agency's mission to Mercury will travel
8,524,000,000 km in seven years to reach the planet closest to the Sun.
Upon arrival, the European and Japanese spacecraft will separate and
each enter their own orbits around the planet.

The Mercury Magnetospheric
Orbiter (MMO) is the only part
of the mission supplied by the
it will focus on exploring Mercu-

’ The Mercury Planetary
i ’ Orbiter t“m will focus
z on the surface and inter
i science of Mercury with
; . instruments that will point
The Heat shield (MOSIF)
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